ABSTRACT The effects of dexamethasone (Dex) on the functions ofantigen-primed helper and suppressor T cells were studied in humoral immune responses in vitro. In doses equivalent to elevated physiologic concentrations, the suppressor T cell activity was abolished. In contrast, the helper T cell function was resistant to even pharmacologic concentrations of Dex. The apparent steroid resistance of the helper T cells was found to be mediated by the products ofactivated macrophages. While macrophage factors protected helper T cells from steroid inhibition, they did not prevent the effects of Dex on suppressor T cells. Because bacterial cell wall and membrane components are potent inducers of the factors that mediate steroid resistance of helper T cells, the combination of physiologically elevated levels of steroids and macrophage factors during acute infections may function to facilitate the expression of host immunity. However, the persistance of these conditions, as in chronic inflammation, may also contribute to the pathogenesis of autoimmunity by perturbing the balance of immune regulation by helper and suppressor T cells.
Glucocorticosteroids generally suppress the immunological functions ofT lymphocytes (1, 2) . However, several reports suggest that, under particular conditions, T-cell functions resist steroid inhibition (3) (4) (5) (6) (7) (8) (9) (10) (11) . These observations may reflect inherent differences either in the susceptibility of various T cells to steroids (3) (4) (5) (6) or in the capacity of some T cells to develop resistance to the hormones (7) (8) (9) (10) (11) . Moreover, physiological mechanisms may exist that result in differential sensitivity of functionally distinct T cells to steroids. Such mechanisms together with elevated physiologic levels of steroids might alter immune expression by affecting the balance of helper and suppressor T cell regulatory activities. We analyzed the effects of dexamethasone (Dex) on the functions ofantigen-primed helper and suppressor T cells in the generation of secondary humoral immunity in vitro. Using cells from recently primed mice, we found that doses of steroids equivalent to high physiologic concentrations selectively inhibited suppressor T cell activity in vitro. Our previous work (10, 11) had shown that helper T cells become resistant to steroids in response to adjuvant-activated monocytes/macrophages. In this report, we present data indicating that the differential steroid effects on helper and suppressor T cell functions occur because ofmacrophage-mediated protection of helper cells.
MATERIALS AND METHODS
Animals. BDF1 and BALB/k mice, 3-4 months old, bred in our mouse colony were used in all experiments.
Antigens and Immunizations. Sheep erythrocytes (SRBC) were from GIBCO (lot 9317263). 2,4-Dinitrophenyl-conjugated keyhole limpet hemocyanin (DNP-KLH) with 8 mol of dinitrophenyl per 10,000 g of KLH was the gift of Claudia Henry (University of California, Berkeley, CA).
Carrier-primed mice were immunized intravenously with 2 X 106 SRBC 3 days prior to use. Hapten-primed mice were immunized initially intraperitoneally with 100 ,ug of alum-precipitated DNP-KLH (12) and 2 x 109 Bordetella pertussis vaccine organisms (Commonwealth of Massachusetts, Department of Public Health) and after 8-20 weeks were boosted with 20 pug of soluble DNP-KLH; the mice were used 14 days later. Dex. The Dex (lot 54C0375, Sigma) was the gift of Harry Rubin (University of California, Berkeley, CA) and was used as described (10) .
X-irradiation. Cells suspended at 5 x 106 per ml in balanced salt solution (13) were irradiated with a Norelco M6150 X-ray machine and received 2700 roentgens (carrier-primed spleen cells) and 1000 roentgens [activated macrophages (MEL)] (1 roentgen = 2.6 x 10-4 coulomb/kg).
T-Cell Depletion. Normal spleen cells or peritoneal cells were treated with rabbit antiserum to mouse brain (14, 15) and guinea pig complement (16) .
Macrophage Depletion. Mb were removed by passage over columns of 18) . Activated M41. T-cell-depleted spleen cells were cultured in 60-mm Corning petri dishes at 4 x 106 per ml in 3-ml volumes of RPMI 1640 medium (GIBCO) containing 5% fetal calf serum and 50 p.M 2-mercaptoethanol as described (19) . After 4 hr, lipopolysaccharide (LPS) purified from Salmonella typhimurium (20) was added at 0.1 ,ug/ml. After 24 hr, the cells were harvested and X-irradiated.
Macrophage Factors (M4F). These factors were prepared from T-cell-depleted resident peritoneal cells cultured with LPS as described (10) .
T Cell Growth Factors (TCGF). Partially purified TCGF were prepared as described (21) from BALB/k spleen cells. Supernates were concentrated by membrane filtration, precipitated by (NH4)2SO4 (40-80% saturation), and passed sequentially over columns of Sephadex G-200 and G-75. Fractions that contained TCGF and negligible amounts of concanavalin A (as determined by their lack of mitogenicity inhibitable by amethyl mannoside) were pooled.
Cell Cultures. Spleen cells were cultured as described (19, 22) . Carrier-primed helper or suppressor T cell activities were assessed in two ways: (i) SRBC-primed spleen cells were either untreated or irradiated as described above. Hemolytic Plaque Assays. TNP-specific PFC were determined by using a slide modification (22, 24) of the method of Jerne and Nordin (25) with horse erythrocytes (HRBC) (Colorado Serum, Denver, CO), lightly modified with TNP (26, 27) . In two-step experiments the number of direct (IgM-secreting) PFC specific for TNP was determined. In experiments employing a single culture period, indirect (IgG-secreting) TNPspecific PFC were enumerated by subtracting direct PFC from the total PFC obtained with a rabbit polyvalent antiserum to mouse Ig (24) . RESULTS
Differential Inhibitory Effects of Dex on
Helper and Suppressor T Cell Activities. To study the effects of Dex on helper and suppressor T cell activities, mice were primed with heterologous erythrocytes by an immunization regimen that elicits carrier-specific helper and suppressor T cells for in vitro antihapten responses (28) . Suppressor activity in the carrier-primed population inhibits much of the secondary (IgG) humoral immunity generated by an independently primed source of hapten-specific B cells. However, helper activity in the carrierprimed population can be measured because it is radioresistant and the suppressor activity is not. The difference in the antihapten responses of cultures containing nonirradiated and irradiated carrier-primed cells provides a measure of suppressor T cell activity in the carrier-primed population. (Fig. 3) show that doses of MDFF that were optimal in blocking steroid effects on helper activity had no effect in protecting suppressor activity. Similar results were obtainedwith higher concentrations of M4F. In addition, we found that suppressor T cell activity induced by concanavalin A (29) Failure of TCGF to Protect Suppressor T Cell Activity from Steroid Inhibition. Although M(DF do not enable suppressor T cell activity to resist steroid inhibition (Fig. 3) , Gillis et al. (30) reported that proliferating T cells are protected from Dex by TCGF. Because the function of suppressor T cells is abolished by treatments that inhibit proliferation [e.g., mitomycin C (31), and X-irradiation], their studies suggested that TCGF might prevent Dex inhibition of suppressor T cell activity. Therefore, we examined the effects of partially purified TCGF on the function ofcarrier-primed suppressor T cells on IgG anti-TNP responses, in the presence and absence of Dex. The data from a representative experiment are shown in Table 2 . TCGF, in doses that support maximal growth offactor-dependent T cell 10-7 20 ,000 24,000 10-6 17,000 22,000 Carrier-and hapten-primed cells were prepared and cultured as described (Materials and Methods, Table 1 legend). Controls were cultured in medium alone. Experimental cells were cultured in medium supplemented with TCGF at concentrations in excess ofthose that fully support the growthofa TCGF-dependent cell line (Materials and Methods). Dex at the concentrations indicated was added when the cultures were established. Results are IgG anti-TNP PFC per culture determined after 5 days.
Immunology (30) , had no apparent effect on the expression ofeither helper or suppressor activities in control cultures and did not alter the Dex effects on suppressor activity.
DISCUSSION
In this report, the effects of Dex on coexisting helper and suppressor T cell activities, expressed by murine spleen cells shortly after in vivo immunization with heterologous erythrocytes (28) , were investigated in secondary anti-hapten responses in vitro. Under an experimental protocol in which the carrierprimed population expressed predominantly suppressor activity, Dex significantly increased the generation of hapten-specific humoral immunity (Table 1) . When the suppressor activity was eliminated by X-irradiation, the magnitude of humoral immunity was unaltered by Dex, and anti-hapten responses comparable to those generated by steroid-treated cultures with nonirradiated carrier-primed cells were observed (Fig. 1) . These results suggest that when both helper and suppressor T cells are present in the carrier-primed population Dex facilitates the expression of positive immunity by selectively inhibiting the suppressor T cells. The suppressor activity was eliminated by concentrations of Dex (10-M) that are equivalent to elevated physiologic levels of glucocorticosteroids (32) . The coexistence ofhelper and suppressor T cell activities, described in a number ofreports (28, (33) (34) (35) , suggests that the relative balance ofthese T cell functions regulates humoral immune expression. Because the plasma concentrations of glucocorticosteroids rise during acute infections and inflammatory reactions, the differential effects of these hormones on the activities of recently primed helper and suppressor T cells observed in this study may reflect the existence of physiologic mechanisms that promote the induction of host immunity under such circumstances.
The resistance of helper activity to steroids in the carrierprimed population (Table 1 , Fig. 1 ) is consistent with the report by Segal et al. (7) that the functions of recently activated helper T cells are unaffected by steroids in vivo. In an earlier study we found that secondary in vitro humoral responses are less susceptible to steroid inhibition when cells are obtained 3 days after in vivo priming than at 1 week (36). We subsequently showed that, although helper T cells from unimmunized mice and from mice primed 10-14 days previously are suppressed by steroids in vitro, they acquire resistance in response to adjuvant-activated Mb or M4IF (10, 11) . These studies suggested that shortly after carrier priming, M4b activated in vivo by encounter with antigen contributed to the steroid resistance of helper activity.
The role of MO in the steroid resistance ofhelper cells in this study was shown by the susceptibility of the helper cells to Dex after depletion of Mb from the carrier-primed population (left of Fig. 2 ). Adjuvant-activated M(F and M1F restored the resistance of these cells (center and right of Fig. 2 ). In contrast, the Dex sensitivity of the suppressor activity was unaltered by M(IF (Fig. 3) . These data suggest that the differential steroid effects on carrier-primed helper and suppressor T cell activities (Fig. 1) are due to the selective ability of helper T cells to respond to the factors released by activated MFD. We have shown elsewhere that the M1F do not function by inactivating steroids (10) . The physicochemical characteristics of the factors (11) indicate close similarity or identity to mediators designated interleukin 1 (IL-1) (37) .
Recently, Gillis et al. (30) and Larsson (38) independently demonstrated that Dex inhibits the production of TCGF (interleukin 2) by mitogen-activated lymphocytes. Furthermore, they showed that TCGF abrogated Dex inhibition ofT cell proliferative responses to plant lectins, leading them to postulate that steroids exert their inhibitory effects on proliferating T cells indirectly by preventing TCGF production. Although the carrier-primed suppressor T cells in our experiments, proliferate, as shown by their sensitivity to X-irradiation (Table 1, Fig. 1 ), TCGF did not alter the Dex inhibition of their activity (Table  2) . These results suggest that steroids inactivate suppressor T cells by mechanisms that do not involve TCGF.
Because various bacterial cell wall and membrane components have been found to be effective inducers of the steroid protecting activity of Mb (11), it is probable that the synthesis and release of the factors that mediate this function are stimulated during bacterial infections. Because of the selective effects of these factors on helper T cells, the physiologic combination ofelevated steroids and activated M4D may alter immune regulation by helper and suppressor T cells to facilitate positive immune expression. However, in chronic infections, when elevated levels of steroids persist, the continued stimulation of factor production could contribute to establishing autoimmunity due to the absence of regulation by suppressor T cells. This hypothesis may partially explain why potent MbF inducers such as peptidoglycan and other bacterial cell wall components that stimulate production of IL-1 also induce experimental (adjuvant) polyarthritis (39) .
